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(54) Title: RADIO rW^T.NCY ENIDICY DELIVLRY SYSTEM FOR MI.'I.TTPOLAR ELECTRODE CATh'FTERS 
(57) Abstract 

A radio-frequency ablution system is disclunetl ^ t ( , 

in which itie power, voltage, or temperature delivered 

to multiple electrodes may be dynamically controlled, 

and ir. which the elecirudcs may be jirnulu'-ncou.sly 

energized in phase with ezch OLbcr tu achieve a desired 

lesion patient. The system comprises a multiple 

electrode oblation catheter, each electrode having a 

tetnpennire sensor opcraiively associated therewith. 

Each e Ice erode \s energized hy its own RF amplifier, 

and nil of the electrodes are driven in phase with CKch 

other by a commcn sine wave oscillator. A feedback 

network consols the degree ot* amplificaticn cf the 

separate RF amplifiers. According to a further aspect of 

the invention, a modular power supply arrangement is 

disclosed which is configurable to dynamically control 

the power, voltage, or temperature, delivered to multiple 

electrodes of a multipolar ablation device. An arbitrary 
j number of electrodes may be simultaneously encrpized 
| in phase with each other co achieve a desired lesion 
j pflrcm usin* the modular power supply by providing » 

sufficicn: number of removable modules. 
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RADIO FREQUENCY ENERGY DELIVERY SYSTEM 
FOR MULTIPOLAR ELECTRODE CATHETERS 



IS 



Field of the Invention 

This invention relates to electrode catheters and, 
in particular, to a power supply arrangement for simultaneously 
delivering single phase energy to multiple electrode:; of an 
electrode catheter. 



bae fcg r c und ol the Invention 

Cardiac dysrhythmias are commonly known as irregular 

20 heai z beats or racing heart. Two such heart. rhythm 
irregularities arc the Wolff Tarkinson-Whitc syndrome and AV 
nodal re^rit-rant tachycardia. 7:iese condid oni are caused by 
an rxr.ranftous strand of muscle fiber- in the heart chat provides 
an abnormal short-circuit pathway £or electric impulses 

2S normally existing in the heart. For example, in one type of 
Wolff -Parkinson-Whitfe syndrome, the accessory 'pathway causes 
thv: electric impulses tnat normally travel iron*, the upper no 
Chtt lower chamber of the heart to be fed back co the upper 
chamber. Another common type of cardiac dysrhythmia is 

30 ventricular tachycardia (VT) . which may be a complication of 
a heart attack or reduction of blood supply to an area of heart 
muscle. This latter type ol cardiac dysrhythmia is a life 
threatening arrhythmia . 

Atrial fibrillation f AF ) is the most commonly 

35 occuning type of arrhythmia. it is assacifitcd with increased 
morbidity and mortality duo to a higher incidence of 
thromboembolic events and Hemodynamic compromise. In pacients 
with disabling drug resistant AF, the ventricular response can 
be controlled by catheter ablation or modification of the 
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atrioventricular (AV) nodal region, but thi* procedure's 
palliative since A? and its related risks are persistent 
Pacemaker, may be used to prevent recurrence of uaxoxyemai ak 
by either preventing the sinus bradycardia chaL triagers AK o- 
S reducing the interatrial conduction delay. 

Non surgical procedures such a a management, with drugs 
are tavored in the. treatment of cardiac dysrhythmias. However 
some arrhythmias are not trcarabl, wi th drug... for Sample' 
disabling drug resistant AF. and h.vc previously reauir-d- 
10 surgery. According ,o these procedures, various incisions ar- 
made ln the heart to block conduction pathways and thus divid- 
the atria i area availably for multiple wavelet, r-p.-ry and 
abolish the arrhythmia. Alternatively, an Automata 
implantable Ca**ioverter/n e f ibriliator ,AIC-') can be surgicaJJv 
15 implanted into th, patient. 33 described in U.S. fatnnt Ma* 
4,fli7,608 to Shapland e: al. while these surgical procedure 
can be curative, they are associated with increased morbidity 
and mortality rates, and are exr.remeJy expensive. F.ven the use 
of an AlCD requires majcr surgical intervention . However. 

20 patients of advanced so; or ili-i»o«. «-,.. ,-*u^; 

xi >;Xnmpiw, cannot 

tolerate invasive suraorv to ?v-ie fl rhr. •• 

y - • fcC =x_ise trc '-acnycaraia- tcacus which 

causer dysrhythmias. 

Non-surgical , minimal iy ir.vasive technicues have b~n 
developed which are used to locate cardiac regions responsible 
25 for tachycardia, ana also f, disable- the snort circuit i unction 
of these areas. According to these techniques, electrical 
energy shocks are applied to the endenyocardiun to ablate, 
cardiac tissue in the. arrhythr,uyenic regie.-.., and produce scare 
which interrupt the reentrant conduction pathways. The regions 
30 tc be ablated are usually first determined by endocardiac 
napping techniques. Happing typically involves percutaneously 
introducing an electrode catheter irr.c: the patient, passing the 
electrode catheLer through a bicod vessel (e.g. the femoral 
vein or aorta) and into an surdocardiac site < 0 . fJ .. the atrium 
35 or ventricle of th* heart), and inducing «, tachycardia so that 
a continuous, simultaneous recording can be made with a 
multichannel recorder at. each ct several different endocardicc 
positions. When a tachycardia 1 foe.:.? is located, as indicated 
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in the Electrocardiogram recording, it is marked by means cf 
a fluoroscopic image so that cardiac arrhythmias at the located 
site can be ablated. A conventional electrode catheter 
provides electrical energy shocks to the tissu* adjacent the 
- electrode to create a lesion in the tissue. One or more, 
suitably positioned lesions will rreatc a region of r.sciuLi:: 
tissue, which will disable the Malfunction caused by the 
tachycardial focus . 

Conventional catheter ablation techniques have usee 

10 catheters each having a single electrode fitted at. its cip as 
one electrical pole. The other electrical pole i? 

conventionally provided by a backpl ate ■ in contact with a 
patient's external body par- to -form a capaci t i v* coupling of 
the ablation energy source (DC , laser, RF, etc.). Other 

15 ablation catheters are known in which multiple electrodes are 
provided, such as the catheter.? disclosed in U.S. Patents No. 
5,233.599 to Imran, and 4,5-10,054 and S. 303,917. both to Desai . 

Ablation is effected by applying energy to the 
catheter electrodes once the eJectroden are in contact with the 

20 cardiac tissue. The energy can be, for example, R? , LC_\ 
uiuaaound, microwave, or laser radiation. As between RF and 
3C ablation techniques, RF ablation is preferable because it 
does not require that the patient he anesthetized, and it 
produces more circumscribec and discrete lesions. Further, it 

2". avoids injury that may be caused by hich voltages, for example, 
DC shock. When RF energy is delivered between the distal nr. 
o£ a standard electrode catheter and a backplate, there is a 
localized RF heating eftect. This creates a well defined,' 
discrete leuion slightly larger than r.he cip electrode. 

30 The small size cf the lesions produced by RF ablation 

has been perceived as one of the limitations of this technique. 
Unless the electrode has a large contact region, the lesion 
created by the simple R7 technique delivered through a standard 
electrode catheter may not be large enough to ablate enough 

35 tissue to block ventricular tachycardia, foi example, because 
the electrode tip area is usually only about ()..?. mm J and the 
exit site of VT is typically only '.ccatabie to within 4-3 crr. : 
of the earliest site recorded by ' the endocardia:: mapping 
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catheter. Also, attempts have been made to provide an 
elongated electrode si:<, eight, ten or even twelve mi 1 .1 i meters 
in length to cause longer lesions, and to allow morn power to 
be delivered to the tissue. However, flexibility of the tips 
5 of such catheters is reduced, and a stif f er catheter tip 
increases the risk ot myocardial wail perforation, which :r. 
turn increases the morbidity rate of ablation procedures us: no 
such catheters. 

Several ether techniques have been implemented to 
10 produce larger and deeper lesions, including the ur,e of 
different energy sources such ay ultrasound, microwave, and 
laser. Other methods include using a saline-perfused catheter 
tip to cool the electrode/tissue Interraco , allowing nor* power 
to be delivered. 

1:1 One particular approach to increasing rhr size 'of the 

lesion is disclosed in U.S. Patenr No. 4,940,064 to Desai . A 
retractable array ot four orthogonal electrodes surrounds a 
central tip electrode and is powered Dy a convent jonal RF power 
source. This array was found to produce. an unsatisfactory 
20 lesion pattern (in the form of * plus » + " ^i yn ) because 
substantial areas between the electrodes remained unahl atec, - 
and the increase of power to the electrodes only resulted in 
charring of the tissues and early fouling of the electrcdes hy 
coagulum formation. As a solution, ->esai et al. proposed in 
25 Patent No. 5. 38.1, y. 7 the use of a multi -phase power source to 
electrically drive the peripheral electrodes out vl phase with 
respect, to adjacent electrodes zo create an electric potential 
between adjacent peripheral electrodes and thereby cause 
ablation m the regions between those adjacent electrodes (that 
is, lesions which connect the tips or the plus pattern to 

one another) . This solution diapauses with r.hr use of an 
external return or pasr.ivc electrode because ground potential 
ir. provided at the central tip electrode, but poses constraints 
on the dimensions of the electrodes for s*tii;r accory operation. 
an:i does not produce a continuous, linear lesion amona or 
between the electrodes. See col. l\ lines 13- JO of 5 , 3 63 , i'lv . 

In another approach, a series of electrodes were 
arranged along a catheter shaft to demonstrate the feasibility 
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of catheter ablation of typical human A? by the sequential 
application of radiof requency energy in a system using a 
backplace. Haissagucrre, et aj . . "Successful Catheter Ablation 
of Aizlal Fibrillation, " J. Cardiovascular Zlcczrophysioiogy , 
S 1994. Vol. 12, No. S:104S-1Q52. While the investigators in 
this study cured the A? in the patient, they were unable to 
confirm whether the lesions produced at the site of each 
electrode joined together to form a continuous -esion. 

What is needed in the art and has heretcfoirt not been 

10 available is a power supply arrangement for independently and 
control lab.! y driving a multiplier try ct electrodes spaced along 
the distal end of a cardiac ablation catheter. Also needed in 
the art is an ablation system which incorporates such a power 
supply arrangement with an ablation catheter so that 

lb continuous, linear ablation lesions of a predetermined contour 
can be formed in the e:idon:yocardiurr. . 

O b-iects of the. Invention 

Accordingly, it is a general object of the present 
20 invention to improve catheter ablations. 

it is an object cf the present invention to improve 
cardiac catheter ablations. 

It is a.s-j an ob*ec:; of the present invention to 
improve power supplies for use in catheter ablation procedures. 
25 lr - is another object of the present invention to 

control the: contour of lesions created by RF catheter ablation? 
including both the length and depth of such icsion3. 

It ia yet another object ct the present invention to 
improve the efficiency of RF catheter ablation procedures. 
30 It is yet another object of the present invention to 

treat ventricular tachycardia by improved RF catheter 
ablations. 

It is yet a further object c: the present invention 
to treat atrial fibrillation by improved RF catheter ablations. 

These and other objects are accomplished by 
simultaneous, parallel application of ? single-phase power 
source to multiple poles of an electrode catheter sucft that the 
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voltage, power, or cemperature c*u be conr.rnlied as Lhe 
ablation procedure proceeds . 
Summary of the Invention 

According Lo one aspect o: the invention, a radio- 
b frequency ablation system for biological tissues is orovid-d 
in which the rower. volLage, or r.eneerature delivered t a 
multiple electrodes may be dynamically controlled, and in which 
the electrodes may be simultaneously energized in phase with 
each other to achieve a decree, lesion pattern. The svstem 
10 comprises an electrode catheter havir.q a gen-ra^-v 
longitudinally extending aha:: which defines a lumen, and an 
array of externally conductive. individually connected 
electrode* arranged in spaced serial relation alone, die shall" 
The electrode catheter further comprises a plurality nt 
IS temperature sensors each of which is thermally associated with 

a different electrode in the ->ry=^ r r- «... . j 

' tne arz «y to piuvide a temperature 

signal representative of the temperature of that electrod* 
A plurality of RF amplifiers are electrically connected ro 
dxrferem. electrodes in the array. 2 ach RF ampiifiex P rov<d ea 

2C drive signals representative of the vol tag. and current aoplied 
to the electrode to wh: ch it is Connected. A teedback c4nt-o' 
network is provided with thecr drive signals alor.g with rh- 
temperature signal for the same electrode, m re.cpor.se cc the 
received temperature and driv, signals of , particular 

2S * A ««*«te. thc f««dback control network provide= an 
amplification signal to each RF air.pl- fi*.. M So , ■ a Ui- s <ne 
wave oscillator, which has an output that li; seoarately 
amplified in phase by each of the ?.F amplifiers in accordant 
with the amplification signal fror, the feedback control network 

30 for that. RF amplifier. 1E also provided to independently drive 
each of the electrodes m the array of electrodes in phase with 
*ach other, 

According to another aspect ci the .invention, a 
• nodular power supply arrangement for a multipolar ablacicr. 
33 device is provided. The modular power ,upply arranaemcnt 
comprises a mother board including one or more receptacles 
adapted r.n receive a module, :•> sine wave oscillator which has 
an output electrically connected to the receptacle . 'and' a 
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Leedback control network which (I) receives input signals from 
the module in the receptacle, (2 J processes the input, aignals, 
and (2) provides an amplification signal which 1= responsive 
to the input signals to that nodule. The modular power supply 
5 arrangement further comprises at least cue module removably 
connected to the. receptacle, m its simplest Tore, the module 
includes a RF amplifier for driving a particular pole of the 
multipolar ablation device in phase with the osci I later output 
in accoxdar.ee with the amplification signal from the feedback 
control network, and a signed, sensor for sensing predetermine J 
operating parameters of the. particular pole of the multipolar 
ablation devirr and providing the input signals to the feedback 
control network. Two or mere- such monies are use.-, to energize 
multiple electrodes. 

Multiple elcctrcde.fi are controlled by the modular 
power supply arrangement wnen multiple receptacles are- 
provided, or when modules which are cenficured to energize 
multiple electrodes are provided, or both. According u: one 
modification of the invention; the module may be configured 
with multiple RF amplifiers, each driving =, dirterent cole ol 
a multipolar ablation nevice -In phase with the sine wave 
oscillator output and ir. accordance wirh the amplification 
-signal from the feedback control network. Further, each moaule 
according to this noaifi ration is configured wi'.h a plurality 
of signal sensor? fcr sensing predetermined operating 
parameters of the multipolar ablation device and providing tfie 
input signals to the feedback control network. 



20 



30 



.Description, of the Drawings 

Fig. i schematically illustrates a R!-' power supply 
arrangement for an ablation catheter according to the 
invention ; 

Fig. 2 is a diagrammatic view of the disrsl end of 
an ablation cathetex which io carrying multiple electrodes and 
3 5 temperature sensors,- 

Fig. 3 is a detailed schematic illustration of a 
module for insertion into the power supply arrangement of Fig. 
I. the module bejrig adapted for use with a single electrode; 



To: Rhonda J. Stine 



From: ReedFax Information Servicel^^B 8-8-97 1:46pm p. 11 of 37 



WO 97/20510 PCI7US96/19746 

S 

Fig. 4 is a detailed r.r.hsmatic illustration of a 
modified module for insertion into the pov/er suppiy arrangement 
al Fig. i, the modified module being adapted for use with four 
electrodes; and 

5 Fig. 5 io a detailed schematic illustration of the 

control network oi Fig. 1. 

Detailed Description of the Pre fe rred Embodiments 

By way of overview and introduction, there is seen 

10 in rig. l a schematic illustration of a power supply 
arrangement 100 according to the present invention which is 
adapted to maintain constant power, voltage, or temperature 
each electrode of a multielec:troae catheter. Arrangement 100 
is preferably constructed on a mother board 102 and includes 

15 a sine wave . osc i ] later 104, a control network 106, and a 
plurality of xeceutacles 109 adapted to receive plug- in 
daughter boards or modules 110. Each daughter board 110 is 
compute i addressable over a bidirectional data ana address bus 
114, and contain- feedback loop control circuitry for 

20 individually maintaining one or more electrodes at a constant 
power, voltage, or temperature. A computer 112 uperativeiy 
attached to and in yiqnal cor.mur.icat ion with the bus 114 
preferably includes? operating software which is adapted to 
provide control signals to the modules 13 1) for individually 

25 controlling the electrodes pt a mult lele-trode catheter. The 
computer 112 also preferably includes appropriate- input/output 
features. and software for dynamically displaying the current, 
time, voltage, power, temperature, or impedance oi the 
individual electrodes, or displaying other signals such as 

30 electrocardiograms iEKGs ) . 

The sine wave, oscillator 104 on the mother board 
provides a predetermined frequency drive signal in the range 
ol 20 to 500 Khz re each of the modules 110 so that each of the 
RF amplifiers, which are part of the modules 11 o, m the power 

- 5 supply arrangement 100 is driven in phase with the others. The 
lower end of the drive signal range (that is, about 20 50 
Khz) is conventionally uyed at a relatively lew-amplitude level 
to determine catheter contact with :he endocarri-.um without 
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-Stimulating the heart as contact r.easuremenrs are being made. 
At higher frequencies, the heart, is not. wtimuiated at the 
amplitudes used m the aoiation procedure. 

The power supply arrangement ICO cf rig. 1 has 
5 utility, tor example, with medical devices such as catheter 
200, the distal end of which is illustrated in Fig. 2. The 
catheter 200 is an ablation catheter configured with multiple 
electrodes, serially spaced in an axial direct: cn along the 
catheter. The catheter 200 is conventionally constructed oi 

10 an jnsulative, biocompa table tubing material, and has an 
outside diameter small enough to pass through a vascular system 
from an introducer site to a desired cardiac chamber, and has 
the capability to negotiate the- vascular system. In other 
words, it is sufficiently flexible cc be advanced through a 

15 tortuous vasculature, yet possesses sufficient column strength 
co permit its advancement therethrough. 

The catheter 200 has a tip electrode 202 which 
occupies the distal 2 4 mm of the catheter. Conventionally, 
tile tip electrode 202 is made uL platinum and is attached 

20 directly co the distal end of the catheter 200. Alternatively , 
•i re Tractive material (net shown) may be interposed between the 
tip electrode 202 ;or the other electrodes } and the catheter 
200 to prevent meltinq of the supporting catheter durinq and 
just after ablation energy has beer, applied to che electrode. 

25 In addition, the catheter 200 has externally conductive rinc 
electrodes 204 spared t-herealong m serial manner. Three ring 
electrodes 204 are illustrated m Fig. 2; however, the catheter 
2 00 can have an arbitrarily large number of electrodes. For 
example, Dr. Michel Kaissaguerre has proposed a catheter 

20 construction tor AF treatment which has thirteen ring 
electrodes 204 and a single tip electrode 202. The ring 
electrodes 2 04 are spaced from each other (and rhe rip 
electrode 202) by insuiative regions 20£, and each can be of 
an arbitrary axial .length. Presently, they are preferably 

3 5 approximately 2 mm in axial length. While the ring electrodes 
204 can be spaced 1 - 3 mm apart, as described in mo r e detail 
below in connection with an ablaticn system according U) the 
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invencicn, iz in presently prcf^rr^d -h-i -h*. • 

y ^ LIwirea i- Hal. .hey ce snaced 1 mm 

apart . 

2ach electrode 202. 204 has a separate conduce iv. 

leaa 210 attached thereto which extends pmximally through a r 

least one lumen 212 in the catheter 200 to a connecior 214 (nor 

shown). Also, associated wiU each electrode >; C 2 204 ls - 

temperature sensor 20S disposed advent the Hectrode fo" 

providing an electrical signa' --dica-i-c ^ , v. 

d "- QKa - 1 - e tr.e temperature 

of the electrode. The ten^rature S eaocr ?08 ca- „« a 
thermocouple, thermistor, o: resistive thermal device ( " RTD " 1 
Each temperature sensor 208 ha* a SR Rduc:ivo lead 2lfi atu^hed 
to it which extends proximaily to the connector 21.. p -able 
21S ,nor. .shown) houses the electrode and :.cmn«r«ur- S(5l ,, 0 . 
lead, 210, 21, between che proximal end of che catheter ,00 and 

LnS COnneCt ° r 2l <*" The c ^er,or na L « s with a terminal on the 
module 110. 

Wit-, reference now to Fig. 3 , the circuity in each 
module 110 is described. 

The module no comrm.nicates with the computer 11^ via 
the two-way bus 114 via an electrical connection between c *e 
module. 110 and the receptacle, ice of .he mother board 102. a 
aigiLa3.to-ar.aiog converter (DAC! 302 is arranged in 
conventional manner to be addressed by che comnut^ ^ ^ 
will be readily understood by those cf ordinary skill in th I s 
2b art. m addition, the UAC 3C2 receives digital .,-gna^ 
Erectly from the control network 1C6 . described below, on 
leans 115. The DAC 302 convert, a digital signal fro, e>the, 
the computer 112 or the control network 106 into ar, analog 
ampl incacion signal which is inched co a outpuc , ine , Q4 _ 
•10 The magnitude or the output from , respective DAC 3a. will 
determine the gain, or degrer of ampl if ination . oi a oa-Ucular 
RF amplifier 306. The predetermined or fixed level our our fr 0m 
rne oscillator 104 is amplified by the variaal* aain provid-d 
. by RF amplifier 306 with regard to the feedback signals from 
^ a:, associated electrode 2.02, 204 sc that ar. least the desired 
operating parameter (e.g., power. vcltaqe. or icaperarure) 
remail ' lU COnscant ' Ther6 ■«» other functionally euu.ivalenr ways 
of providing an unfaltering control siunal to the RF amplifier 
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306, the use of the DAC 302 being merely i ilustrat i ve of « 
presently preferred arrangement . For example, a commercial J y 
available digitally controllable potentiometer, such as a 
sixty-four bir.-255 step high-bandwidth potentiometer, can 
5 provide direct attenuation of the oscillator signal in response 
to feedback signals substantially a* described above instead 
of using the DAC 302. 

The amplification signal on output line 304 is 
applied at an input of * ?S amplifier ;?o*5. The ill' amplifier 
10 306" additionally has a high- i xpedar.ee input for receiving an 
analog signal from the os^ii: afor 1C4 . The high impedance 
input of the Rl' amplifier 306 buffers Lhe oscillator 104 from 
the load on its high- voltage output line 308 , namely, c h- load 
presented by enc c: electrodes 202, 204 before, tiering, and 
lb after an ablation procedure. The RF amplifier provides clean 
amplification of the sine wave r 0 a level sufficient to drive 
the electrodes 202, 201 during an ablation procedure, tor 
example. On the other hand, the oscillator V04 provides a 
relatively distortion free sine wave to each KF amplifier 306 
20 connected to the power ripply arrangement 100, and Lhe sine 
wave received by any one of the RF amplifiers 3 OS is in phase 
with the sine wave received by any other oi the R7 amplifiers 
3 06 that may be connected to the power supply arrangement .10:: 
through a module 110. 
25 The; output line 305 of the RF amplifier 305 connects 

to tne electri-a] lead 210 cf a particular one of che 
electrodes 202, 2C4 via the conventional connector 214 (nut 
shown) . The passive or return electrode, which in disposed on 
an extremity of the patient, is connected to tne low- voltage 
30 (ground) output 310 of the amplifier 306, preferably through 
an electrical connection from the mother board 132 to ensure 
that each of the RF amplifiers 3C6 connected to the power 
supply arrangement 100 has a common ground. 

Further, the RF amplifier 306 includes sente output 
35 lines 311 so that the control network 106 can dynamically 
determine and monitor the resistance ol the tissue being 
ablated and can responsively adjust the power, voltage, 
r.emperature being delivered :r the electrode, "'tie sense lines 
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include a voltage signal representative of the voltage 
which was applied to the electrode and a voltage signal 
representative of the current which passed through the tissue, 
as measured across a known, iow resistance (e.c. I q; tIuk 
5 voltage sensing is accomplished in a preferred embodiment by 
RMS-to-DC converters which convert the detected peak voltage 
signals, after they have been suitably scaled for the RKS-r.o DC- 
converters . 

The nodule 110 further has a siqna] sensor 312 which 
filters and amplifies, for sample, a relatively low-v»Uase 
sensed signals which would bp cor.Linuously received from rhc 
temperature sensors 205 over line 314 assuming that the 
temperature sensors are thermocouples. If thermistors or RTUs 
were lo he. used, it is understood that a wheatstune bridge or 
other circuitry would be provided co convert h c-cr.sed 
resistance into a voltage signal. In this manner, „ clean, 
sensed voltage signal indicative of the temperature at a 
particular electrode is obtained and output on line 315. The 
inpuL line 314 of the signal sensor 312 connects to the 
temperature sensor lead 21S of a particular one cf the 
electrodes 202, 204 via a conventional connector 214 (not 
shown) . The sensed signal on line iU is dynamically processed 
by the control network iog, which, in turn, regulates the power 
supply 100 so as lc maintain constant power, voltage, or 
temperature at the electrode from which the sensed signal was 
obtained . 

Preferably, a signal sensor 312 is provided fcr each 
temperature sensor 208. However, a single E1 qnal sensor 312a 
may be associated with the temperature censers 2o» which are 
r.hermally associated with a different electrodes 202, 204 of 
the catheter 200 or other medical device, by circuitry 
configured to multiplex r.he outputs o£ several temperature 
sensors 2UH into the signal sensor 312a. Such * n arrangement, 
is functionally identical to providing a signal sensor 312 for 
each electrode/temperature sense; pair. Further, the shared 
signal sensor 312a may be provided on the mother board 102 to 
reduce the number of components on any nn<? module 110 
module 110a, described next). 
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The module ot Fig. ?. is configured to provide high- 
voltage output signals to a single ablation electrode cn output 
line 308, and receive sensed .signals frcm a temperature sensor 
205 associated with the same electrode on input line 314. In 
b the power supply arrangement of Fic. l, foui receDtacles. 106 
are illustrated, each one adapted to receive n module 110. 
Thus, four modules as in Fig. 2 can be plugged into the mother 
board 2 02 tp enable the power, voltage, cr temperature of four 
electrode.? to be dynamically controlled, and the electrodes 

10 simultaneously energized in phase with each other to achieve 
a desired lesion patter:;. The invention is not limited to the 
use of four such modules , as additional receptacles 105 may be 
provided Tor any desired number. of electrodes. 

Further, each module Iio need not be limited to 

15 providing and receiving signals from a sinalc 
electrode/temperature sensor pair. With reference now to Fig. 
4, a modified module 110a is illustrated in which features 
common to Fig, 3 have been illustrated with corresponding 
reference numerals. When inserted into The mother board 102, 

20 a single module 110a permits signals to be simultaneously 
provided to and received frcm four electrode/temperature sensor 
pairs. Thus, RF amplifier ?C6a can apply ablation energy over 
output line 2 08a in accordance with the amplification signals 
from the DAC 302a on its output lint 304a , while RF amplifier 

25 306b can simultaneously apply ablation energy over output 1 mc 
309b according tr* the amplification signals it receive? ever 
line 304b lust as if two modules 110 were plugged into separate 
receptacles 108 on the mother board 102. Howevei , the module 
11 On has input and output lines for two more electrodes. Thus, 

30 a single module 11 Ua plugged i.ntc a receptacle 108 can 
accommodate as many electrodes as four nodules 3 10 (which would 
occupy all of the receptacles 108 in Fig. 1). II four modules 
110a were plugged into the f cur ■ receptacle arrangement cf Kiq. 
1, then up to sixteen electrodes may be simultaneously 

3b energized and dynamically controlled. Combinations of modules 
110 and lioa are also possible, as well as the connection of 
modules having circuitry fcr additional or fewer 
elcct rode /temperature, sensor pairs. The mother beard 102 



To: Rhonda J. Stine 



From: ReedFax Information Service^^F 8-8-97 1:49pm 



p. 17 of 37 



WO 97/20510 

PCT/US96/I9746 

14 

preferably includes muic.i -pin recsprncies 10S which ars adaoted 
to receive modules that can accommodate between 1 and 10 
electrode/temperature sensor pairs. Because RF amplifier.-, 20 e 
have high input impedance, ,m arbitrary number of RF amplifiers 
5 can be connected to the oscillator 104, within practical 
limits, to support a catheter with the same number of 
elecrrodes. with th* RF energy b^nc delivered to each ot the 
electrodes in phase with each other. 

According to an aspect the invention, a modular 
10 power supply arrangement 100 is provided which i* expandable 
merely by inserting additional daughter boards or module HO 
into receptacles IOC. basic codulc -0 <:*„ be insetted into 
each receptacle 103, or a mors complex module 110.-:, etc. can 
be inserted into one or mci, receptacle,. By this arrangement, 
IS circuitry sufficient for the intended ccLheter 200 or or.her 
medical device can be ' installed on an as-needed ba«is. 
Further, older modules can be readily replaced or : ; ub S titur.*ri 
with newer ones with urea: facility. when and as such 
j improvements are made. 

2Z ' Sach RI '' amplifier provides a fixed level u£ 

amplification based on the magnitude of the amplification 
Signal iacched onto the output line 304 cf the DAC 302. The 
amplification signal latched onto output line 2 04 at any ^p;. 
can originate either at cr.e computer console 112 or the control 
network 10C, shewn in greater cetail in Fic. b. The control 
network 106 comprises a decision-based reedbac.< loop which 
dynamically monitors the amplified and filtered sensed signals 
316 from the temperature sensor 20H .-f a particular electrode, 
and provides signals to the DAC 302 for that electron* via line 

■iO l-.F. which controls- the degree of rf amplification by that 
electrode's Rl- amplifier 3CS. Likewise, the control network 
106 comprises a deci si on-based feedback loop whioh dynamically 
monitors the sense output lines 311 from t.hc RMS-Lo-nc 
converters associated with .? particular Rl-' amplifier 306, and 

35 similarly provides control signals or. line 115 to control that 
electrode's RF amplifier 306. i r , C he preferred embodiment, the 
control network }0,' includes both software and hardware. The 
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software portions cf the control network 106 can be implemented 
on the computer 112 . 



316 from the signal sensors 212 and from the HHS-r.o-DC 
converters on sense output line:; 311 on board each module 110 
as separate channels to an analog- co-dig.: tal rrnnverter (AOC) 
SG2. These signals cn lines 311, 316 comprise, the operating 
parameters of the multipolar ablation device, tor example, the 
catheter 200. Because the clock (not nhowni can run 
substantially faster than the r.;me constant ot tno system, 
which is limited by the speed ot the temperature sensors and 
the tissue itself, the ADC: h02 processes the signals 316 taster 
than r.hey can change, which ?! o effectively a continuous 
processing of the signals from each at tne electrodes nf the 
ablation catheter 200 or ctru:r medical device. The ADC SC2 
multiplexes these signals into a single digital data stream 
representative of each of the three detected voltages for each 
electrode/temperature sensor pairs for further processing in 
the. digital domain. The digital data are then processed, by 
data processor 506 which determines the instantaneous tissue, 
impedance R and temperature c: the electrode ac the temperature 
sensor 208. The instantaneous tissue impedance R is determined 
by dividing the sensed voltage applied to the electrode by the 
current through the electrode. This requires that, the current 
through the electrode be ca.lcuJar.ed first. This current, is 
determined by the data processor 5C6 by dividing the voltage 
signal which is representative of t 'r.r current that passed 
through the tissue by the known resistance value, which value 
is retrievable, for example, from a computer addressable data 
:;tore ouch a9 data store 512. The true tissue impedance R is 
ths result of these calculations after 530ir.ah.le scaling 
according to a calibrated scale, which may be readily 
determined for the particular device be.ing used as understood 
by those of ordinary skill in this art. The instantaneous 
temper3Lurt; is readily determined from the voltage signal from 
converted signal on the output line 504 of the ALC 502. If the 
temperature sensor 206 is « thermocouple , the temperature io 
linearly related to the sensed 7>- voltage according to the 
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particular characteristics cf the device being used, which can 
be calibrated and which calibration can be stored in a data 
store, such as the data store si 2 for use by the data processor 
506, as understood by Lhose skilled in the arc. if t.hc 
5 temperature sensor 2t)« is a thermistor. then each 
increase/decrease in temperature is M nearly related to each 
decrease/increase in resistance, respectively. Again. che 
particular thermistor under -onsiderat; on car, bo calibrated and 
the calibration data can be stored in the data store 512. 

10 The dats Processor see provides the determined tissue 

impedance R to a comparator 510, for example, along output line 
508. The comparator compares the impedance k to data from 3 
cat* store 512 to determine whether the impedance has risen 
abruptly, or whether it is greater j-har. a prescribed threshold 

15 value. As understood by those skilled in the art. when tissue 
impedance exceeds a predetermined value which depends or, the 
length of the electrode and whethei the electrode are being 
driven simultaneously (e.g. 2 0o Q tor a 4 mm electrode and 
approximately 400 to h00 Q for a 2 xm electrode! . there may be 

20 blood coagulation or protean deposits on the electrode. 
Conventional R? ablation schemes prcduce early impedance rises 
at the power supply due to efficienr necrosis of tissues and 
possibly early coanulum formation at the electrodes. The 
formation of coagulum has the effect of restricting the current 

25 flow through the endomyocardiura and limiting the depth of 
lesion formation therein. When coagulation begins, the 
impedance tend* to rise abruptly above the predetermined value; 
for the chosen electrode length. Accordingly, if the tissue 
impedance R has either risen abruptly or surpassed a prescribed 

30 threshold value, for example, 400 fi. then the input linen to 
the DAC 302 for a particular electrode at which the impedance 
was measured are enabled, and a reduced magnitude drive signal 
can applied to the DAC 302 so that the magnitude u£ "the 
amplification signal latched on the cucput line 304 is reduced, 

3 5 whereby the ablation energy delivered to the electrodes on line 
308 is reduced. The DAC 302 can be enabled by a direct address 
write, or by addressing it in conventional manner. On the 
other hand, if neither of these conditions are festnblisned. 



15 



To: Rhonda J. Stine From: ReedFax Information Servicel^^J 8-8-97 1:51pm p. 20 of 37 

WO 97/20510 PCT/US96/19746 

1? 

chcn either the previous drive signal in reapplied no an 
enabled DAC 302, or no action is taken. The particular 
impedance value ac which ccagulum format ior. might commence may 
be set by the operator or adjusted a program operating on a 
5 computer based on the identif icat. i on of the particular cathe.ter 
being uaeu, or its operative characr.erist ics (electrode length, 
electrode diameter, electrode spacing, electrode material, 
eu: . ) . 

The output of comparator 510 is connected to line llh 
10 and can provide a reduced magnitude drive, signal by 

decrementing the previous dxive signal which may be stored in ' 
the data store 512 and enabling the input, lines of the DAC 202 . 
Alternatively, an increased magnitude drive signaJ can be 
applied to the electrodes if desired or necessary, tor example, 
by incrementing the previous driv* signal «nd enabling the 
input lines of the DAC J02. 

Similarly, the data processor 506 provides the 
determined temperature to a comparator 514. for example, along 
output line SIS. The comparator compares r.hc temperature to 
data Ik, for example, the data store 512 to determine whether 
the temperature has xisen abruptly, or whether it is greater 
than a prescribed threshold value. One manner of alleviating 
the problem of early coagulum formation ar. the electrodes is 
by closely regulating the ablation temperature to just. h«3nw 
approximately eO°C. This aicc helps to produce iargei and 
deeper lesions wit.-i more una f orrr.ity . Accordingly, ii the 
temperature has either risen abruptly or surpassed a prescribed 
threshold value, for example, 80' c. then the ablation energy- 
delivered to t:>e electrodes or. line. 308 is reduced as 
previously described. 0- the other hand, if neither of these 
conditions are established, then either the previou-a drive 
signal is reapplied to an enabled DAC 302, or no action is 
taken. 

In operation, the power supply arrangement 100 is 
configurable at the computer console 112 in any one 6L a 
constant voltage, power, or temperature mode to provide? energy 
tor an ablation procedure to the catheter 2t)0 or other medical 
device. The control network -OS continuously monitors and 
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dynamically alters the power or voltage delivered or the 
temperature sensed ac each ot thcv electrodes, depending on the 
selected mode, so that the electrodes can be simu! caneuusly 
energized yet be dynamically controlled so that, the power, 
5 voltage, or operating temperature remains constant. 

In the constant voltage :uude. a user- set voltage is 
output to each of the electrodes 204 and separately 

maintained throughout r.h<? ablation. This permits the operator 
to control the depth of lesion formation r>t each electrode and 

10 provides a vehicle for iocusiny the RF energy to produce n 
lesion that is, foz instance, deeper at the proximal end than 
at the distal end. Alternatively, this mode ot operation 
permits a more Uniterm lesion r.n be produced, even if 
electrodes of different dimensions are being used, such as a 

IS 4 mm dp electrode 202 and 2mm ring electrodes 204. Electrodes 
of different dimensions, when dxjven with the samr* potential, 
will have differing power density distributions a c; rose them. 
Thus, the larger electrode will have a greater power density 
than the smaller electrode if driven at the same potential. 

20 However, the power supply arrangement 100 accounts for these 
discrepancies iu the constant voltage mode to permit a 
comparatively more uniform lesion profile chan achievable m 
known present ablation catheter systems. 

in the constant power node, the tissue impedance R 

2 5 is dynamically monitored and the voitace applied to the 

electrodes 202, 204 varied with changes in tisau« <,rnp*dance K 
to maintain a constant power lev-; delivered at the site of 
each electrode. As in the constant voltage mode, lesions of 
arbitrary • profile can be created. Tissue impedance is 
30 monitored at the operating frequency of the sine wave 
oscillator 104. Because tissue impedance is typically higher 
than blood impedance, particularly in the 20 - 50 Khz ranue 
being used for sensing tissue contact, the sensed impedance 
data tor each of the electrodes may be used to determine 

3 5 whether sufficiently conductive car, tact has been made between 

the electrodes and the myocardial wall. The catheLer can be 
repositioned in the event that one or more of the electrodes 
are determined to be in less- than-ues: rab'ic contact with the 
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myocardium. The sett ware executed on the computer 112 can be 
adapted to make this determination and to suggest catheter 
repositioning in response thereto, or thin determination can 
be made by the operator after reviewing the impedance data on. 
5 the screen of the computer consols 112. 

It is noteworthy that there may be a rise in the 
tissue impedance R adjacent the mere proximal electrodes on the 
catheter 200 as compared to the more distal electrodes. This 
is not detectable by overall tissue impedance neasuremenr.fi 

10 which treat each electrode as a separate impedance m parallel 
with the other electrodes and thereby masks the individual 
impedances at each electrode. Therefor- , on impedance rise a: 
one of these electrodes would nctt result in an overall rise ot 
the parallel impedances. Nevertheless, this impedance rise 

is could cause adhesion of the catheter to myocardial ussus- r.har 
could be hazardous. However, the present invention allow:; 
monitoring of the impedance and control of the energy- delivery 
at each electrode to avoid this effect, or to terminate 
ablation at the tissue site of the electrode for which an 

20 impedance rise was detected. The invention therefore permits 
a sitiylet ablation of a larger area than possible with a sinqie 
electrode or multiple pole electrode catheter that, lacks the 
inventive features described above, because several poles can 
be operated simultaneously without the inherent problems of a 

25 single large electrode. 

Finally, in the constant temperature mode, the 
electrode temperature is dynart.i cnlly monitored and the output 
voltage varied to maintain a constant, preeet temperature. A 
closed loop feedback system permits the voltage to each 

30 electrode to be dynamically controlled to maintain the 
temperature at a user-defined level. Thus, any change in 
impedance due to tissue desiccation, blood coagulation, or 
charring at the electrode can be accommodated. As a direct 
result of maintaining the site temperature such chat there iu 

3b no blood coagulation, the potential for thrombus formation c: 
the adhesion of the catheter to the myocardium is reduced. if 
an ur.desired temperature is detected at the electrode, the 
comparator 514 outputs control signals to the DAC 302 to 
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manipulate the output power of the RP amplifier driving chat 
electrode to maintain the sensed tissue temperature below die 
predetermined temperature. Meanwhile, the RF voltage delivered 
to the remaining electrodes remains unaffected. 
5 In operation, one;- the arrhythmoqenic cite is 

determined, the power supply arrangement 100 is configured in 
one of the constant voltage, pcvei. or temperature modes. 
Then, radio -frequency energy in -h* range typically of about 
250 Khz to 500 Khz is delivered simultaneously to each or the. 
10 electrodes 202, 204. Energy Mows from the catheter 

• through the tissue to a recur:: plate, which is connected to 
ground via line 310 and is positioned or. rh? patient's skin. 
Lhereby completing the electrical circuit. This flow of 
current to the tissue causes heating. The heating results in 
15 the destruction of the rissue near th« electrode, and icl«nlly 
the arrhyt.hmogenic site. If performed successfully . permanent-, 
interruption of the arrhythmia occurs and the patient is cured. 

The control network lufc continuously monitors and 
dynamicalJy controls either the power, voltage, or operating 
20 temperature of each of the electrodes, depending on the 
selected mode. The operator can override, record, monitor, or 
otherwise supervise the procedure via computer console 112. 

If any of the electrode conditions exceeds a user- 
defined impedance or temperature limit, cr if impedance or 
2=, temperature rise too rapidly, lhe electrode may be 
automatically deenergized, or it may simply have the energy 
applied to ic attenuated. This prevents cr reducer, further 
delivery of RF power to that tissue site. whiJe the remaining 
poles continue to deliver relatively greater amounts or RF 
3 0 energy. Thus, for example, if one portion of the 
endomyocardium is sufficiency heated to cause scarring, then 
o«Jy the surrounding tissue adjacent, to the remaining poles 
will have further energy applied. 

Preferably, the computer 112 has software loaded in 
35 its memory which controls the systex, 100, for example, using 
the Microsoft Windows graphical i;.?er' interface environment. 
In this manner, a familiar interface is provided to the user 
which affords access to all of the functions needed r.o control 
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Che ablation system 100. Also, real - t ime monitoring ot the 
ablation parameters can be displayed graphically for any one 
of the electrodes, as described in U.S. Patent No. 5,233,51b 
to Cosman, the disclosure cf which is incorporated by reference 
G as if set forth fully herein, or for all of the electrodes of 
a muitipoie catheter such an cathe.r.er 700 , or some other 
medical device. Further, all of the data obtained durinq the 
procedure can he saved to disk for later retrieval and 
analysis. The data can be dynamically collected and displayed 

10 as well as written to Hi.sk for Iriter ar.njys-is. 

An ablation system according to another aspect ol the 
invention combines a. muitipoie catheter nuch as catheter 200 
or ether medical device with the" power supply arrangement 100 
and a computer such as computer console 112. 

15 A catheter has been constructed with its ring 

electrodes spaced 1 mm from each other and the tip electrode. 
Empirical data has demonstrated that approximately 1 mm spacing 
of 2 mm lonq ring electrodes promotes the formation ot a 
continuous lc3ion in the regions between the electrodes when 

20 the electrodes are simultaneously energized using m-ohase ?.F 
energy, without the abrupt temperature effects that have been 
observed when using elect roder. that have been serially spaced 
over different lengths. The 1 mm spacing r.hu:: results in an 
overlap of power density into the endomyocardial tissue 

25 linearly disposed between the serially spaced electrode? {2c; : , 
2 04) . 

This electrode spacing is believed to produce the 
phenomenon of "charge crowding" in which the localized 
impedance cf that part of the electrode which is in proximity 

30 to another electrode (its edge) appears to be increased by the 
in-phase energy signal which is being concurrently applied to 
the adjacent electrodes. This appears to cause, a reduction in 
the power density at the electrode's edge. In any event, a 
more uniform temperature distribution across the electrode has 

?s been observed. This is important becau.se temperature 9ensors 
have conventionally been attached tu the nild-poiiiL of an 
electrode to gauge its nominal temperature. Thu<;, such sensors 
have not measured the exponential r;s>e in temperature which 
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occurs at the electrode edge, due to uhe rise in power density 
at the electrode edges. As a result , even in system, in whi^h 
temperature moniLcring of ch* electrodes has been us^d blood 
coagulation and electrode Fouling has occurred withour the 
5 operator being informed of the significant elevation in overa* ! 
temperature . 

An ablation procedure using the forecoinq ablatio- 
system reduces the c:ne required to complete Lhc cr««ne- 
bscause the catheter 200 need ,-aly be placed in r.wo cr r hr - 

10 dxfferer.t locations 1, the hcarr. . Ail or the. electros anf 
energized for approximately one to two iP.ir.ucea. Ah comoared 
to a sequentially firing method using a oultiple pole ca^te*- 
such as carter 200, the treatment time is reduced by up t- 
.bout thirteen minutes -or each catheter placement, which nay 

1= result :n a-, overall time savins cf mere than one half hour 
in a typical Elation procedure. On the other hand, r.n rw 
a continuous, linear lesion using a HingJc electron* caLhete- 
a number of individual lesions, on the order of tortv-fiv* 
lesions, are required. However, as much as five minutes rrav 
20 be required to position the tip electrode prior to firinn it 
tor about one minute. As „ result, the " esion creatine part 
or tne procedure can be up r.c and ever four hours, not 
including the requisite time to prepare the patient. 



30 



Having thus described pr«ferr«d embodiraunts or 
present invention, it ia to o, unde^tccd that PBe above 
described arrangement and system is mereiv illustrative o« 
principles oL the present invention, and chat other 
arrangements and systems may be devised by those skilled i.n th« 
art without departing from the spirit and scop. o» the 
Invention as claimed below. 



To: Rhonda J. Stine From: ReedFax Information Service^^^ 8-8-97 1:54pm p. 26 of 37 

WO 97/20510 PCI7US96/I9746 

23 

I Claim: 

1 1. A radi o- f requency ablation system f or biological 

2 tissues, comprising: 

3 an electrode catheter having a generally 

4 longitudinally extending shaft defining a lumen and an array 

5 of externally conductive, individually connected electrodes 
C arranged in ypaced serial relation along said .shaft; 

7 a plurality of temperature sensors, each thermally 

8 associated with a different electrode in said array for 

9 providing a temperature signal representative of the 

10 temperature of that electrode; 

11 a plurality of- P? amplifiers, each electrically 

12 connected to a different electrode in c-aid array, each of said 

13 RF amplifiers providing drive signals representative of the 

14 voltage and current applied to that electrode; 

15 a feedback control network which receives said 
id temperature and drive signals associated with s particular 
17 electrode and provides an amplification signal to the Hr 
15 amplifier connected to that electrode in response to the 

19 received temperature and drive signal*;; and 

20 a RF cine wave oscillator having an output which is 

21 separately amplified in phase by each of said RK amplifiers in 
y V accordance with the amplification signal frorr the feedback 
23 control network for that RF amplifier, tc independently drive 
V4 each of the electrodes in the array cf electrodes in phase with 
25 each other. 



1 2. The radio- frequency ac.latio:i system as in claim 

2 1, wherein each of the electrodes in said array of electrodes 

3 is driven simultaneously at differing levels of amplification. 

1 3. The radio- frequency ablation system as in claim 

2 1, wherein said feedback control network returns an 

3 amplification signal tc maintain th* temperature of an 

4 electrode constant. 

1 4. The radio- frequency aoiation system as in claim 

2 1, wherein said feedback ccntrol network returns a:: 
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3 amplification signal to maintain the power uhrouah an electrode 

4 constant . 



1 5. The radio- irequency ablation system as in claim 

2 l, wherein said feedback ccntz-,1 network returns an 
' amplification signal £o ma;Main voic<jyc ^ 

4 electrode constant. 



6. The radio- frequency ablation S y 8tfin as in clair, 
« 1. wherein said electrodes are spaced such chat the ocwer 

3 delivered to adjacent electrodes spar:, the tissue Decweeu -aid 

4 adjacent electrodes sufficient La cause „ continuous lesion to 

5 form. 



1 7. The radio- frequency ablation system a a m claim 

2 1, wherein successive adjacent electrodes in caid army a ,- e 

3 spaced at different predetermined distances. 

5- The radio-frequency ablation sysLes as in claim 

< 1. further comprising a return electrode connected to a .round 

i potential output of said K.F amplifiers. 

1 9. The radio- frequency ablation svscem as in clair. 

' wherein „ne ot said electrodes in said .rray i3 dispose* at 

3 tnn cat.neter distal tip, and the x W .alr.ing electrodes ,-, S3ld 

4 array are ring electrodes surrounding said s , ia f t . 



1 i 



0. 



The radio- frequency ablation system as in claim 
J X ' Wh6rein 3aid "Biperature sensor is one of a thermocouoic. 
- thermistor, or resistive thertr.ai device. 

1 , 11. A modular power supply arrangement for «, 

2 multipolar ablation device, comprising: 

3 a mother board \:\cluding: 

4 n receptacle adapted to receive a module, 

3 sinc wave oscillator which ha;.; an output 

6 electrically connected to said receptacle, and 
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7 a feedback control network which receives 

?! input, signals from the module m said receptacle , proceswes? the 
. 9 input: signals, and provider, an amplification signal to that. 

10 module which amplification signal is responsive to the input 

11 signals; and 

at least one module immovably connected co said 



3 



13 receptacle, said module . including : 

14 * L least two RF amplifiers, each of r.aid 

15 RF amplitierc driving a different pole of the muitipolai 
l« ablation device in phase with the oscillai.cr output tn 
17 accordance with the amplification nignai from the feedback 
IS control network, and 

a plurality- of signal sensor-; tor sensing 
preder.ftrmmed operating parameters- of the multipolar ablation 
21 device and providing the input signals to the feedback control 

2 network, the plurality of signal processors being functionally 

3 equal in number to uaid RF amplifiers. 



19 
20 



12. The modular power supply arrangement as in claim 
1 1 . further comprising a plurality of receptacles. 



1 13. A modular power supply arrangement tor a 

2 multipolar ablation d«v.ice, comprising: 

a mother board including: 

* a P'urality c: receptacles each b-inc 

5 acapted to receive a module. 

5 a sine wave oscillator which has an output 

7 electrically connacLed to each'oi said receptacles, and 

3 a feedback control network which receives 
^ input sionali; from the module in a respective receptacle, 

10 processes the input signals, and provides an amplification 

11 signal to that module which amplification nigral is responsive 

12 to the input signals; and 

1 - at Least two modules removably connected to uaid 

14 receptacles, each of said modules including: 

15 «' amplifier for driving a particular 
It pole of the multipolar ablation device in phase with ^aid 
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oscillator output in accordance with the amplification signal 
tram the feedback control, nei.work, and 

a sjgnaJ sensor tor sensing r; redetermine 
operating parameters of .aid particular pol. of the muiciuolar 
ablation device and providing the input signals c. c the ieedback 
22 control network. 



1 7 
18 
19 
20 
21 



1 14 . Thft modular power supply arrangement as in claim 

2 13. wherein each of said ar. l ea s-. :wo module* include a 
plurality of R? amplifiers ar.d a f uncr.i onai Jy eaual number of" 
signal sensors, each of said plurality of ?.F amplifiers beina 
tor driving a different pole of the multipolar ablation devicp" 
each of said equal number of signal sensors being for sensing 
the operating parameters oi said oitierent pole ol the 
multipolar ablation device.. 
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